Objective: to evaluate the cases of wound infections in orthopedic postoperative period. Methods: postoperative patients who developed infection during the period from November 2012 to November 2013 were studied. Secretions were collected during surgery using sterile swabs, and sent for microbiological analysis.
introduction
Infections in orthopedic surgeries not only prolong the length of stay in two weeks on average, but also increase morbidity, double the hospitalization rates and triple the financial costs of the patient. 1, 2 Infections in the surgical site are the third most common cause of infection in surgical patients. 3 Some factors such as advanced age, concomitant infection elsewhere in the body, use of systemic steroids, smoking, drinking and transfusion of certain blood products also increase the risk of infection. 4, 5 With regard to the pathogen, the degree of infection depends on its virulence, the number of infecting microorganisms, site where the infection will progress, the patient's defense mechanisms, and the presence of factors leading to the patient's immunosuppression. 6 In orthopedic surgeries, screws, plates and external fixation devices are examples of surgical instruments that could lead to some type infection. 4, 7 In the literature, there are reports of bacteria, such as Staphylococcus aureus, found on pens, keyboards, stethoscopes, medical gowns, tourniquets and sphygmomanometers. 8 Some signs, such as pain and fever, are typical of the infected wound. The wound is spontaneously painful after forty-eight hours postoperatively, whereas fever may be normal in the postoperative period, but is also indicative of acute infection. 5 Generally, the site of infected wound has edema, warmth, erythema, dehiscence and pus. 9 The aim of this study was to evaluate cases of infected wounds in orthopedic postoperative and their causative agents.
Methods

Study site and population
The authors conducted a prospective study in which postoperative orthopedic surgery patients showing signs and symptoms indicative of infection were analyzed during the period from November 2012 to November 2013, at the Orthopedics and Traumatology Service, Hospital de Base Dr. Ary Pinheiro in Porto Velho, state of Rondônia.
Samples
The collection of samples was performed by resident physicians supervised by the staff of residency in Orthopedics and Traumatology, being performed through direct collection from the surgical site's necrotic material, purulent discharge, samples of bone tissue and osteosynthesis collected with the aid of swabs into Stuart medium. Asepsis and antisepsis of the site of material collection were performed with degerming chlorhexidine and gauze soaked in chlorhexidine. Then the samples were labeled and sent to the Microbiology Laboratory at Faculdade São Lucas, where culture of the samples, identification of bacteria and susceptibility testing were performed.
Study variables
The authors identified gender, age, type of surgery, surgical material, affected bone, antibiotic used empirically (administered until the results of culture and sensitivity were received) and associated comorbidities. The bacteria causing the infection and their antimicrobial resistance profile were also identified.
Ethical aspects
In cases diagnosed, and after the free and informed consent form was signed by the patient or legal guardian, the patient's medical record was analyzed with the assistance of one of the doctors responsible for the case and subsequently biological materials were collected in the operating room. This study was conducted after approval by the Ethics in Research Committee of Faculdade São Lucas. results 985 orthopedic surgeries were performed during the study period. Of these, 38 (3.9%) surgical procedures progressed to infection, requiring cleaning and collection of secretions derived from the source of infection. 26 (68.4%) of these patients were male, and 12 (31.6%) female. The age range most affected was between 20-39 years (50%). The average time between surgery and the search for care due to signs of infection was 21 days. The types of surgery presenting the greatest number of infections were fracture osteosynthesis, in 36 (94.7%) patients, and arthroplasty in 2 (5.3%) patients. The average time spent in surgery, which subsequently developed infection, was 1 hour and 40 minutes. The average number of people in the operating room for surgery that became infected was 4.7 persons, including orthopedic surgeons, resident physicians and circulating staff. Air conditioning was on during all surgical procedures that became infected. Regarding surgical material, external fixator was used in 18 (36%) surgeries that became infected, and plate was used in 17 (34%) surgeries. As for comorbidities, 9 (23.7%) patients had high blood pressure (BPH) and 7 (18.4%) had diabetes. 8 (21.1%) patients progressed to osteomyelitis ( Table 1) . Regarding the infected bone, the femur and the tibia had a higher prevalence, 15 (35%) patients each bone; followed by the fibula, 3 (7%) patients; hip, metatarsus and talus, 2 (5%) patients each bone; and patella, clavicle, phalanx and soft tissues, 1 (2%) patient each. Among the antibiotics used empirically, cephalothin was used in 15 (39.5%) patients; 12 (31.6%) patients were treated with ciprofloxacin; 8 (21.1%) with clindamycin; 3 (7.9%) were treated with vancomycin; 2 (5.2%), with cefepime; 2 (5.2%), with gentamicin; 1 (2.6%), with ceftriaxone; 1 (2.6%), with amikacin; 1 (2.6%), with ceftazidime; and 1 (2.6%), with cefazolin. The bacterial species that caused the largest number of infections was Staphylococcus aureus, infecting 16 (42.1%) patients, followed by Acinetobacter baumannii and Staphylococcus epidermidis, which infected 4 (12.5%) patients each, and Pseudomonas aeruginosa and Klebsiella pneumoniae, which infected 3 (7.9%) patients each ( Figure 1) .
In relation to the resistance profile of Gram-positive strains to the antibiotics, 31.3% of the Staphylococcus aureus strains were susceptible to ceftriaxone, 50% to gentamicin and 100% to vancomycin. As for Gram-negative strains, 50% of the Acinetobacter baumannii strains were susceptible to sulfamethoxazole/trimethoprim and 100% were resistant to ceftriaxone, imipenem e ciprofloxacin; in the case of strains of Pseudomonas aeruginosa, 66.6% were susceptible to imipenem and 66.6% were susceptible to sulfamethoxazole/trimethoprim; 33.4% of the strains of Klebsiella pneumoniae were susceptible to ceftriaxone, 100% to imipenem and 0% to ciprofloxacin (Table 2) .
discussion
In order to achieve a good treatment for infections in postsurgical setting, extensive surgical debridement must be done, 10 as well as proper antibiotic prophylaxis and correct definitive antibiotic therapy in a conscious manner. 11 Infectious syndromes that developed within one year of surgery are considered nosocomial infections and should be treated empirically until culture results are ready. During the surgery, antibiotic prophylaxis is recommended in order to prevent infections due to surgical manipulation. According to D'Elia et al., 12 superficial infections should receive aggressive antibiotic therapy, avoiding progression to deep infection, that can lead to sepsis. Prophylaxis especially directed to Staphylococcus aureus is recommended due to its high prevalence in infections. 13, 14 Typically, first and second generation cephalosporins are used. 15, 16 In this study, the authors noted that the antibiotic most commonly used for prophylaxis was cephalothin; a first generation cephalosporin.
According to Mangram et al., 4 the main risk factors for the development of postsurgical infections are malnutrition, prolonged hospital length of stay, older age, previous surgery, long duration of surgery, and obesity. In this study, the increased number of the following comorbidities was found among patients who developed infection: high blood pressure (23.7%) and diabetes mel- alence in the male population and in the age range between 30 and 59 years. This study also showed a higher prevalence of involvement of these bones in the male population and the age group of 20-39 years. In this study, the authors noticed that the air conditioning was present in all surgeries that were infected. Ventilation aims to maintain a pleasant operating room environment, but the lack of maintenance and dust accumulation can turn the appliance into a source of various pathogens. 4, 19, 20 Postoperative progression of infected wound to osteomyelitis is an important and feared complication, due to the risk of functional changes in the ends of fractured bones. 21 In the present study, the authors observed that 8 (21.1%) surgeries progressed to osteomyelitis postoperatively.
Villa et al. 18 found that ciprofloxacin, clindamycin and cephalosporin had been used as empirical antibiotics in 33.3% of the patients who progressed to infection. In their study, the antibiotics of choice for empirical treatment of litus (18.4%). Subjects presenting chronic conditions have a greater risk of developing infections, on account of decreased physical and immunological resistance.
Ercole et al., 3 in a study about infection in orthopedic surgical site, found that 50 surgeries that progressed to infection had durations shorter than 120 minutes, while 13 took more than 120 minutes. They also showed that the average time between surgery and infection was 95.8 days and, in terms of gender, 57.7% of patients were women. In this study, the average time spent in surgery (1 hour and 40 minutes) and the average time between surgery and infection (21 days) were shorter and, in relation to gender, men were more prevalent. According to Khan et al., 17 surgeries with duration longer than 120 minutes have a risk factor for infection due to greater exposure of tissues and fatigue of the team, facilitating technical failures.
Villa et al., 18 in a study on infection in open fractures, found that the bones more often affected were tibia (32%) and femur (26.7%). The authors also showed higher prev- most patients were the same ones used in this study. Mül-ler et al. 15 evaluated 26 cases of infection in open fractures and found that, among the Gram-positive bacteria, coagulase-negative Staphylococci were the most prevalent, while Acinetobacter sp. was the most prevalent among the Gramnegative. Silva et al., 22 in their study on infection in fractures of the lower limbs, noticed that Staphylococcus aureus was present in all cases, except one in which the culture was positive for Pseudomonas aeruginosa. In this study, a higher prevalence of Staphylococcus aureus (42.1%) was also observed among Gram-positive bacteria, followed by Staphylococcus epidermidis (10.5%). Among the gram-negative, Acinetobacter baumannii was the most prevalent (10.5%).
Graça et al., 20 in a study on orthopedic surgery infection in a university hospital, found that 30.7% of the bacteria causing infections were Staphylococcus aureus, 17.3% were Pseudomonas aeruginosa, 7.6% Klebsiella sp. and 5.7% Enterobacter sp. In the antibiogram, 81.2% of the strains of Staphylococcus aureus were sensitive to oxacillin and cephalothin, while 22.2% of the strains of Pseudomonas aeruginosa were susceptible to gentamicin, and 75% of the strains of Klebsiella sp. were susceptible to gentamicin. In this study, Pseudomonas aeruginosa were present in 3 (7.9%) patients. They also found that most of the strains of Staphylococcus aureus were resistant to oxacillin; while 66.6% of the strains of Pseudomonas aeruginosa were resistant to gentamicin, and one third of the strains of Klebsiella pneumoniae were susceptible to gentamicin.
According to Mortazavi et al., 23 1 to 5% of the prostheses used in orthopedic surgeries become infected. Lima et al. 24 noticed that, among the etiologic agents found in hip prosthesis infections, the most important are Pseudomonas aeruginosa, coagulase-negative Staphylococci and Acinetobacter calcoaceticus. According to the authors, the main risk factor was increased surgical time. In this study, in the 2 (5.3%) cases of hip prosthesis infection, two types of bacteria were found: Enterobacter cloacae and Staphylococcus aureus. The sources of infection in prostheses are mainly related to lower limb ulcers, pneumonia, urinary foci and skin abscesses. 25 
conclusion
The surgical procedure with the highest number of infections was the osteosynthesis, and materials that had the highest prevalence of infections were the external fixator and the plate. Among the Gram-positive bacteria, Staphylococcus aureus was the most prevalent, while the most prevalent Gram-negative was Acinetobacter baumannii. Infections in surgical site are worrying events, due to their severity and high cost to public coffers, so it is essential to prevent infections and, in case this is not enough, to establish a rapid diagnosis and proper conduct for treatment in order to prevent progression. 
